Abstract. The Palladium is considered as the catalyst for coupling reaction and useful metal in industry. The thermo-physical, chemical reactivity and biological interaction are considered the most expected parameters for use in any area of the chemical industry, the pharmaceutical industry, and academia. The palladium (II) complex ion with different amine ligands are considered under theoretical study by the method of density functional theory (DFT). Some thermo-physical parameters such as free energy, entropy, dipole moment, binding energy, nuclear energy, electronics energy, heat of formation, reactivity properties of molecule like Highest Occupied Molecular Orbital (HOMO), Lowest Unoccupied Molecular Orbital (LUMO), HOMO-LUMO gap, ionization potential, electronegativity, hardness, softness and electron affinity, and biological properties of molecules like charge density, surface area grid, volume, LogP, polarizibility, refractivity, molecular mass, PIC50 were calculated using the computational program of DFT method. The value of HOMO LUMO gap is 10. 78, 0.59, 0.50,, and 1.83 for L01, L02, L03, and L04 respectively while the chemical stability is same for L02, and L03, similarly L01 and L04. The QSAR study provides information about their correlation and biological activity as drugs whereas the biological activity was increased with increasing methyl groups. The four palladium (II) complex ions with amine ligands have strong biological activity for L03 and L04, and occur the correlation on thermophysical, chemical reactivity. et al. / Cumhuriyet Sci. J., Vol.40-3 (2019) 679-694 biyolojik aktiflikleri hakkında bilgi sağlar. Amin ligandlarını içeren dört Pd(II) kompleks iyonu L03 ve L04 için güçlü biyolojik aktiviteye sahiptir.
INTRODUCTION
Palladium is a soft, rare, silvery-white metal that is valued for its catalytic properties and shares many of the characteristics common to the platinum group metal [1] . It has a face-centered cubic crystalline structure at ordinary temperatures and it is strongly resistant to corrosion in the air and to the action of an acid. The largest uses of palladium are as metal in the field of jewelry [2] , dentistry, watch making, blood sugar test strips, aircraft spark plugs, surgical instruments, and electrical contacts [3] . On the other hand, these are currently attracted considerable interest because they're potentially beneficial as pharmaceutical ingredients, a bioactive molecule, pharmacological properties [4] [5] [6] . Palladium complexes have been worked against cancer cells [7] [8] [9] . However, although palladium has less cytotoxic effects than platinum, palladium has good cytotoxic effects as well for use as bioactive molecules of the area drug design [10, 11] . Palladium complexes with aromatic N-containing ligands, e.g., derivatives of amine, pyridine, quinoline, pyrazole, and 1, 10-phenanthroline has shown very promising antitumor characteristics molecules. Some of these complexes, especially the trans complexes with non-planar heterocyclic amine ligands have been found to overcome multifactorial cis platin resistance in human ovarian cell lines. On the other hand, Pd(II) complexes or complex ions have been widely explored due to their catalytic efficiency, e.g., for various carbon-carbon and carbon-nitrogen bondforming reactions. The most palladium (0), palladium (II) on carbon makes some versatile catalyst of organic syntheses such as Heck reaction, Suzuki coupling, Tsuji-Trost reactions, Wacker process, Negishi reaction and Stille coupling, etc [12] [13] [14] [15] . While most studies of palladium have concentrated on the reactivity of its complexes, little information about their electronic structures has been obtained.
Organometallic transition-metal complexes utilizing nitrogen ligands with ionic or polar substituent have been found to catalyze a large variety of chemical transformations in aqueous solution. Palladium is one of the most catalytically versatile transition metal. The nitrogen-containing ligand assisted palladium catalyzed Suzuki coupling reaction is the most frequently employed methods of carbon-carbon bond formation in organic synthesis [14] . In the literature, the molecular structure of a complex containing palladium atom have been studied for years, however electronic structure of this molecule have been worked out quite a bit.
Taking into account all the benefits in thermophysical, chemical reactivity, biological profile, the computational chemistry is the best tools in present time of chemistry, physics, material science, pharmaceutical science, molecular engineering, and biochemistry. To save time and cost, computational computer programming is used on making the correlation of the thermophysical, chemical and biological activity of some palladium complexes. A thermodynamic system is a definite macroscopic area or space in the universe in which one or more thermodynamic processes take place. This system has a specific volume consisting of molecules and atoms with continuous movement and concussion by the interaction with the external surrounding. The internal properties and its interaction with the surrounding determine the system behavior [16] [17] [18] .
A thermodynamic system can switch from initial state through the intermediate state to the final state which is called transformation of state or thermodynamics process [17, 19] . Using the computational simulation of the examined palladium complexes, It would be calculated by the various method of computational methods. As the anion has an effective influence on biological activity, the relationship of substituent group in benzene rings was estimated using computing parameters [20, 21] . The most beneficial of the study is the safe the money including conducting a chemical experiment in laboratory and consumption of time in the laboratory at which the most errorless method is the Density functional theory (DFT) [22, 23] .
The Density functional theory (DFT) finds an increasingly broad application in the chemical and materials sciences for the interpretation and prediction of complex system behavior at an atomic scale. Specifically, DFT computational methods are applied for the study of systems to synthesis and processing parameters. The Density Functional Theory (DFT) is used to determine chemical structures of molecules and structural changes in molecules. Especially, the B3LYP method is widely used because it yields results very close to experimental results. Moreover, the DFT is a very useful method for predicting the experimental results.
In this study, the palladium (II) complex was synthesized and optimized with DFT/B3LYP. Some geometrical parameters and HOMO-LUMO energy level of the complex were calculated at B3LYP. Their molecular structural relationship, HOMO, LUMO, and quantum chemical properties and LogP plays the role of the chemical reactivity, biological activity and hydrophobicity and hydrophobicity of chemicals in relation with living cells activity and associated mechanistic interactions.
COMPUTING

METHODS
FOR SIMULATION
The molecular modeling program permits to build and analyze different molecular structures and determine the molecular, electronic, and biological properties. In order to create the spatial chemical structure of each calculated molecule, the twodimensional structure of the molecule shall be built step-by-step by drawing. Then hydrogen atoms are automatically added from building option and chemical structure is converted into a 3D structure.
The first step in getting the main characteristic parameters of molecules is to optimize the molecular structure to obtain a configuration characterized by minimum free energy. In sitting the DFT was fixed via 6G-31G*, and B3-LYP [24] [25] [26] . After completing optimization, the theoretical properties of the studied compound such as free energy, entropy, dipole moment, binding energy, nuclear energy, electronics energy, the heat of formation, the HOMO, LUMO are recorded. The QSAR properties of molecules like charge density, surface area grid, volume, LogP, polarizability, refractivity, molecular mass, were calculated.
RESULTS AND DISCUSSIONS
Optimized Structure
The symmetry is a very powerful tool to establish the molecular symmetry calculation. 
Bond Order
The bond order indicates the chemical stability. The higher the bond order indicates the stronger the pull between the two atoms and the shorter the bond length. The shorter bond length indicates the higher required energy, as a result, the rate of reaction decreases and chemical reactivity decreases [27] . From figure 03, the bond order between all atoms in a molecule is obtained in same and that is one.
The Atomic Charges
The atomic charge is the most important parameters for calculation of thermophysical properties and thermodynamics shown in fig 4. In L01, the atomic charge of palladium atom is 1.057, and a nitrogen atom in amine ligands almost 0.300 to 0.397 and carbon atom in the methyl group is 3.96 to 3.99. 
HOMO-LUMO
The energy levels of the molecular orbitals order HOMO and LUMO for palladium (II) complexes ion with different amine ligands give information on the possible electronic transition and chemical stability. The HOMO and LUMO also indicate the electrophilic and nucleophilic attraction region in the molecule. The LUMO-HOMO gap is the most important parameter for chemical reactivity [28] .
The shorter LUMO-HOMO gap is considered as the high reactivity, they are highlighted in figure 5 (color: green is a positive value and blue is a negative value). The HOMO can be through the outermost orbital containing electrons tends to give these electrons such as an electron donor. On the other hand, LUMO can be through the innermost orbital containing free places to accept an electron. 
Chemical reactivity by DFT Calculations
The Energy of the HOMO is directly related to the ionization potential and LUMO Energy is directly related to the electron affinity. The energy difference between HOMO and LUMO orbital is called an energy gap which is an important parameter that determines the stability of the structures. The energy gap is used in determining molecular electrical transport properties. In addition, according to Koopmans' theorem the energy gap, Egap, defined as the difference between HOMO and LUMO energy [29] .
The ionization potential (I) and electron affinity (A) can be estimated from the HOMO and LUMO energy values as following 
Entropy and enthalpy is an important part of thermodynamics, which allows physics and physical chemistry to participate in any system throughout physical and chemical change. Entropy and enthalpy are closely related to each other.
Entropy can be understood as the discharge condition of any substance, i.e., whose entropy value is greater than its distortion in the reaction of the participant. Table 3 shows that at the zero temperature without electric field, the value of entropy of optimized molecule is zero. On the other hand, it is found from table 4 that entropy and heat of capacity is increased with increasing temperature. 
Vibrational spectrum
The vibrational spectrum is the characteristic peak of any molecule for identification similar to the FTIR peak. To optimize these molecules for vibrational peak obtain the identified peak in the different region about 0 to 5800 cm -1 at which the main characteristic peak of tetraamine palladium(II) complex ion is almost 4200-4300, 3825-3900 and 3600-3550 cm -1 and represented in fig-06 . 
THE BIOLOGICAL ACTIVITY OF OPTIMIZED MOLECULES 4.1. The distribution electrostatic potential in
case of 3D mapped structure The stability of the studied molecular structure is given by the higher negative values of total energy. The biological activity of a compound can be estimated on the basis of the energy difference ΔE frontier orbitals given in table-07. This difference, ΔE represents the electronic excitation energy which is possible in a molecule. The electrostatic potential in view of the 3D mapped structure in fig 08 indicates positive and negative charge region and the charged surface area in a molecule that is considered as the best tools to estimate the biological activity parameter [31] . According to the mechanism of antimicrobial activity and antimicrobial agents of bioactive molecules, the positive charge end of molecules is responsible to damage the plasma membrane of pathogens [32] . To kill the different human pathogenic microorganism, the region of molecules was used the positive charge area of the molecule. In this case, the most important factors are explained that the higher surface area having a positive charge is considered as the high antimicrobial activity. The three-dimensional geometry of molecular electrostatic potential distribution highlights the existence of three regions with increased electronegativity in the whole molecule of L01, L02 and highly positivity in L03 and L04 shown in fig-08 and which play a role in their coupling to different structures in which ions are positively charged.
L01 L02
L03 L04 Figure 8 : The 3D geometry of the distribution electrostatic potential Here, E1 = Electrostatic potential energy in positive value, E2 = Electrostatic potential energy in negative value and ΔE = Electrostatic potential energy difference of two level.
Chemical reactivity
The HOMO and LUMO energies are used for the determination of global reactivity descriptors. It is important that electrophilicity (ω), the chemical potential (μ), electronegativity (χ), hardness (η) and softness (S) be put into a molecular orbital's framework. We focus on the HOMO and LUMO energies in order to determine the interesting molecular/atomic properties and chemical quantities. These are calculated as following equations, and given in table 08. The molecule with minimum binding energy will have the maximum binding affinity and having the maximum binding affinity, indicating as the best molecule for drug leads molecules targeting computationally. In case of the biological activity of a molecule, the surface area is considered as an important parameter. Greater charge surface area of a molecule can be able to kill more pathogens. The greater positive charge surface area means a higher biological activity. On the other hand, a negative value of logP indicates the hydrophilicity and positive LogP indicates the hydrophobicity that plays an important role in biochemical interactions and bioactivity [33, 34] .
Hydrophobic drugs tend to be more toxic because, in general, are kept longer, have a wider distribution in the body, are somewhat less selective in their binding to molecules and finally are often extensively metabolized. Finally, the correlation of L01, L02, L03, and L04 complexes ion are increased the biological activity as increasing the size of ligands with fine correlation showing in table 09.
Calculation of PIC50
The correlation between the biological activity and descriptor is developed by Zineb Almi et.al. 2014 [35] for the PIC50 value calculation from the Hyperchem simulation value that is given in the following equation as: 
Correlation and comparison study in case of substituent groups in amine ligands
In the case of chemical reactivity, the LUMO-HOMO gap in presence of H atom in NH3 and 3CH3 in N-atom is 10.7804 and 10.7354 eV which is larger value meaning lower reactivity and almost the same. On the other hand, attaching one and two methyl group in amine ligand, the LUMO-HOMO gap is 0.5986 and 0.5019 eV which means that attaching two methyl groups has higher reactivity that one methyl group. The most important comparison in thermophysical properties is explained that with increasing the temperature, the entropy and heat capacity increases in poor amount and with increasing methyl group in amine ligand the entropy change is an amount of 0.00 0.00038, 0.00154 and 0.0029 kcal/mol. The heat capacity is also decreased as 3CH3 < 2CH3 < CH3 < H or primary < secondary < tertiary. From figure 9, 10, 11, 12, it was found that biological activity increases with the increase the alkyl groups in palladium (II) complex ions.
CONCLUSION
The DFT method was used to characterize and optimize of palladium (II) complex ions with amine ligands and the thermophysical and chemical and biological properties were recorded. From the spectroscopy studies, the vibration, degeneracy, symmetry, and splitting of d orbitals give the information in the analytical method. In the case of HOMO, LUMO, and HOMO -LUMO gap can be informed that palladium (II) complex ions with amine ligands are chemically reactive for further uses. As the value of LogP is negative, palladium (II) complex ions with amine ligands are hydrophilic nature that is why the toxicity is very less and supports the safe uses in all areas.
ACKNOWLEDGMENTS
I am thankful to Professor Dr. Parimal Bala, Professor Dr. Kamrul Alam Khan and Professor Dr. Ainul Huda, Department of Physics, Jagannath University, Dhaka-1100, and Bangladesh for his inspiration to carry on our research. 
REFERENCES
